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METHOD FOR STABILIZING POLYAMIDE ACID
SOLUTIONS OF PYROMELLITIC DIANHYDRIDE
AND COATING COMPOSITIONS

BACKGROUND OF THE INVENTION

The present invention relates to pyromellitic dianhy-
dride polyamide acid coating compositions having im-
proved shelf stability and method for making. More
particularly, the present invention relates to the use of
an organic silazane, such as hexamethyldisilazane, as a
stabilizer for polyamide acid solutions of pyromellitic
dianhydride.

Prior to the present invention, pyromellitic dianhy-
dride (PMDA) was commonly used in the manufacture
of polyamide acids in the form of a substantially anhy-
drous solution of the polyamide acid in dipolar aprotic
solvent, such as N-methylpyrolidone. It 1s generally
known, however, that polyamide acid solutions derived
trom PMDA suffer from unsatisfactory storage stabil-
ity, as shown by T. Inaike et al., U.S. Pat. No. 4,535,105.
In some instances, refrigeration has been found useful
for improving the shelf stability of polyamide acids,
where the polyamide acid was in the form of an aqueous
dispersion useful for electrodeposition, as shown by
Boldebuck, U.S. Pat. No. 3,767,550. In particular in-
stances, ammonium salts of saturated monocarboxylic
acids, or ammonium salts of aromatic monocarboxylic
acids have been used during the formation of the poly-
amide acid to control the viscosity of the polyamide
acid, such as shown by Boldebuck et al., U.S. Pat. No.
3,496,132, Bases, such as alkali metal hydroxides, or-
ganic bases such as guanidine or watersoluble organic
amines such as pyridine, morpholine, triethylamine and
ammonium salts also have been used to partially neu-
tralize aqueous polyamide acid dispersions.

It would be desirable to make substantially anhydrous
polyamide acid solutions which are convertible to poly-
imide films or as polyimide binders for making compos-
ites where the polyamide acid solutions can be stored
over an extended period of time such as 30 days or more
and thereafter converted to useful polyimide films or
composite binders.

The present invention is based on the discovery that
organic silazane, such as hexamethyldisilazane, can be
incorporated into a solution of a pyromellitic dianhy-
dride polyamide solution, to produce a polyamide acid
solution having substantially improved shelf stability. It
has been further found that polyamide acids in the form
of copolymers of PMDA units, and units resulting from
the condensation of bisphenol A dianhydride, as defined
hereinafter, with appropriate aryldiamines also can be
stabilized with effective amounts of the organic sila-
zane. -

STATEMENT OF THE INVENTION

There 1s provided by the present invention, a poly-
imide precursor comprising a substantially anhydrous
solution of a pyromellitic anhydride polyamide acid
having a stabilizing amount of an organic silicon-nitro-
gen material selected from the class consisting of sila-
zanes and silylamines.

Organic silicon-nitrogen material which can be used
in the practice of the present invention as stabilizers are
silicon-nitrogen compounds having at least one chemi-
cally combined structural unit of the formula,

2
[(R)aSi+- N—(R s,
where R is a C(1.13) monovalent hydrocarbon radical or
a C(1.13) monovalent hydrocarbon radical substituted
with monovalent radicals inert during addition or con-
densation reactions, R! is a monovalent radical selected
from hydrogen and C -s) monovalent hydrocarbon radi-
cal, ais equal to 2 or 3, b is equal to 0 to 2 and c is equal
to1to3, and whenais2,cis1and bis 1, it can be a
repeat unit. Some of the silazanes included by the for-

0 mula are shown by . Rochow Chemistry of the Sili-
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cones, Second Edition, John Wiley & Sons, New York,
1951, pg. 186. The preferred silicon compound 1s hexa-
methyldisilazane (HMDZ). However, other silicon-
nitrogen compounds, such as silylamines, for example,
trimethylsilyldimethylamine, also can be used.

In addition to pyromellitic dianhydride (PMDA),
there can be used mixtures of PMDA and 2,2-bis{-(3,4-
dicarboxyphenoxy)phenyl dianhydride (BPADA).
There can be present in the mixtures from about 0.1 to
2 moles of PMDA, per mole of BPADA.

In preparing the polyamide acid, the aromatic dian-
hydride is condensed with aromatic diamine, which can
include, for example, m-phenylenediamine; p-
phenylenediamine; 4,4'-diaminodiphenylpropane; 4.4'-
diaminiodiphenylmethane; benzidine; $.4'-
diaminodiphenyl sulfide; 4,4'-diaminodiphenyl sulfone;
4,4'-diaminodiphenyl ether; 1,5-aminonaphthalene; 3.3'-
dimethylbenzidine; = 3,3’-dimethoxybenzidine;  2,4-
diaminotoluene; 2,6-diaminotoluene; 2.4-bis-(3-amino-t-
butyhtoluene; bis(p-8-methyl-o-aminopentyl)benzene;
1,3-diamino-4-1sopropylbenzene; 1,2-bis(3-amino-
propoxy)ethane; m-xylylenediamine: p-xylyienedia-
mine: bis(4-aminocyclohexyl)methane; decame-
thylenediamine; 3-methvlheptamethylenediamine; 4.4-.
dimethylheptamethylenediamine; 2.11-dodecanedia-
mine; 2,2-dimethylpropylenediamine; octame-
thylenediamine:; 3-methoxyhexamethvienediamine; 2.5-
dimethylhexamethylenediamine; 2,35-dimethylheptame-
thylenediamine; 3-methylheptamethylenediamine; 5-
methylnonamethylenediamine; 1,4-cyclohexanedia-
mine; 1,12-octadecanediamine; bis(3-aminopropyvl)sul-
fide; N-methyl-bis(3-aminopropyl)amine; hexamethyl-
enediamine; heptamethylenediamine; 2.4-diaminotol-
uene; nonamethylenediamine; 2,6-diaminotoluene; bis-
(3-aminopropyl)tetramethyldisiloxane, etc. Preferably
the aromatic diamines are paraphenylenediamine, meta-
phenylenediamine and 4,4’-diaminodiphenyl ether.

In instances where p-phenylene diamine (PPD) 1is
used, it is preferred to use PPD as part of a mixture of
aromatic diamine unless there is used a mixture of
PMDA and BPADA in the condensation mixture.

In the practice of the instant invention, substantially
equimolar amounts of the aromatic dianhydride, which
hereinafter means pyromellitic dianhydride (PMDA),
or a mixture of PMDA and BPADA is condensed with
aromatic diamine, as previously defined, in the presence
of a dipolar aprotic solvent under substantially anhy-
drous conditions. A temperature in the range of from
20° C. to 80" C. can be employed along with agitation of
the resulting mixture. Upon forming the polyamide acid
which can occur 1n about 0.5 to 10 hours, there can be

incorporated an effective amount of the silicon-nitrogen

material as previously defined. An effective amount of
stlicon-nitrogen material is found to be from about 0.53%
to 5% by weight of silicon-nitrogen material based on
the total weight of the polyamide acid solids. Polyamide
acid solids can vary from 10% to 509 weight of total

. solution.
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In order that those skilled in the art will be better able
to practice the present invention, the following exam-
pies are given by way of illustration and not by way of
limitation. All parts are by weight unless otherwise

indicated. 5 room temperature and under sealed conditions for 14
days, the polyimide film prepared from the resulting
Example | solution cracked,and had no mechanical integrity. A
Polyamide acid solution was prepared containing polyamide acid solution was prepared following the
2% solids, by intercondensing 35 mole percent of same procedure except that 2% by weight based on the
BPADA, 15 mole percent of PMDA with 50 mole 10 weight of reactants of HMDZ was added to the solu-
percent of paraphenylenediamine (PPD) and N-methyl- tton. There was obtained tough polyimide films from
pyrolidone (NMP). After stirring for 1 hour under am- the solution after stirring at room temperature for 1
bient conditions, viscosity of the resulting solution was hour and after standing at room temperature for 24 days
tound to be 268 stokes. A polyimide film was prepared under sealed conditions.
from the polyamide acid by coating the solution onto a 15
glass substrate to a thickness of 2 mil and heating it to a Example 3
temperature of 330° C. for 60 minutes. There was ob- A mixture of 15.6 parts of BPADA, 2.8 parts of
tained a polyimide film which was hard, tough and ~ PMDA, 4.3 parts of 4,4'-oxydianiline, 2.3 parts of para-
resistant to breaking upon bending. After 6 days at phenylenediamine and 75 parts of NMP was stirred
room temperature under substantially anhydrous condi- 20 under ambient conditions in the substantial absence of
tions, the viscosity of the polyamide acid solution had moisture for about 1 hour. After aging for 1 day, a
dropped to 12.9 stokes. Only poor quality film could be polyimide film was prepared in accordance with the
obtained from the polyamide acid having reduced vis- method of Example 1 and found to be tough and hard
cosity as shown by the fact that it could not be bent and resistant to breaking upon bending. After 14 days of
without breaking and crumbling. 25 solution aging under ambient conditions in the substan-
The above procedure was repeated except that 1% tial absence of moisture, a film prepared by the proce-
by weight of hexamethyldisilazane, based on the weight dure of Example 1 was found to readily crack and break
of the solids, was added to the solution. After stirring when an attempt was made to bend it.
for 1 hour, the solution viscosity of 268 stokes and a The same procedure was repeated except that 0.116°
good quality polyimide film was obtained from it. The 30 part of HMDZ was added to 23 parts of a polyamide
viscosity of the solution dropped to 20 stokes in 29 days acid solution. The resulting mixture was stirred and
while the solution remained under sealed conditions at then allowed to age under substantially anhydrous con-
ambient temperatures. Another good quality film was ditions under ambient conditions. A good quality film
obtained from this solution. Longer shelf periods also was obtained after the solution had aged for 24 days.
showed that the hexamethyldisilazane was an effective 35 A polyamide acid was made in accordance with the

stabilizer. High levels of hexamethylsilazane provided
longer shelf lives as shown in the following table.

4

25% sohids solution in NMP. After stirring 1 hour at
room temperature, a polyimide film was prepared in
accordance with Example 1 and was found to be tough.
After the same solution had been allowed to age at

procedure of Example 1, except that 5.02 parts of polv-
phenylenediamine were replaced with 5.02 parts of

POLYAMIDE ACID SOLUTION VISCOSITY AND POLYIMIDE FILM QUALITY

WITH AND WITHOUT HMDZ

0% HMDZ (CONTROL) 19 HMDZ 2% HMDZ 3% HMDZ

DAY VISCOSITY FILM VISCOSITY? FILM VISCOSITY? FILM VISCOSITYY FILM
1 268 Good 268 Good 268 Good 2638 Good

6 12.9 Poor 27 Good 27 Good 27 Good
9 8.8 Poor 23 Gooc 23 Good 23 Good
12 7.5 Poor 23 Gooc 23 Good 23 Good
15 6.3 Poor 23 Good 23 " Good 23 Good
22 6.3 Poor 23 Good 23 Good 23 Good
29 6.3 Poor 20 Gooc 23 Good 23 Good
36 6.3 Poor 20 (Gooc 23 Good 23 Good
43 6.3 Poor 20 Good 20 Good 23 Good
50 6.3 Poor 20 Good 20 (Good 23 Good
70 6.3 Poor 17.6 Good 20 Good 23 Good
92 6.3 Poor 15 Good 17.6 Good 23 Good
114 6.3 Poor *12.9 Poor 17.6 Good 20 Good

A. Viscosity of Polyamide Acid Measured in Stokes

The above results show that the hexamethyldisila-

zane 1s an effective stabilizer for polyamide acids. In
addition, higher levels of hexamethyldisilazane provide
greater stability over extended shelf periods. In the
above table, a fiim was considered good or *“tough” if a
2" X 17"x0.001" film could be bent until contact be-
tween ends were achieved without breaking.

Example 2

60

A polyamide acid solution was made by condensing 65

32.5 mole percent of BPADA, 17.5 mole percent of

PMDA, 25 mole percent of 4,4’-oxydianiline and 25
mole percent of paraphenylenediamine to provide a

metaphenylenediamine. A good quality film was ob-
tained from the resulting polyamide acid following the
procedure of Example 1 after the solution had aged for
52 days.

Although the above examples are directed to only a
few of the very many variables which can be used in the
practice in the method of the present invention and the
compositions made therefrom, it should be understood
that the present invention is directed to the use of a
much broader variety of aromatic dianhydride mix-
tures, organic diamines, and dipolar aprotic solvents,
which are employed in the preparation of the polyam-
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ide acid. In addition, the present invention is directed to
the use of a much broader variety of silicon-nitrogen
compounds which are shown by the formula, as well as
the ingredients preceding these examples.

What i1s claimed is:

1. A polyimide precursor comprising a substantially
anhydrous solution of the polyamide acid reaction

product of pyromellitic anhydride and an aromatic.

diamine and a stabilizing amount of a silazane.
2. A polyimide precursor in accordance with claim 1,

10

where the pyromellitic anhydride polyamide acid is '

dissolved in N-methylpyrolidone.

3. A polyimide precursor in accordance with claim 1,
where the pyromellitic anhydride polyamide acid is a
copolymer of pyromellitic anhydride units, bisphenol A
dianhydride units and paraphenylenediamine units.

4. A polyimide precursor in accordance with claim 1,
where the silazane is hexamethyldisilazane.
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5. A method for making a polj.rimide precursor, com-

prising incorporating a stabilizing amount of an organic

silicon-nitrogen material selected from the class consist-
ing of silazanes and silyamines to a polyimide precursor
comprising a substantially anhydrous solution of a poly-
amide acid reaction product of pyromellitic anhydride
and an aromatic diamine.

6. A method in accordance with claim 5, where the
polyamide acid reaction product is dissolved in N-

‘methylpyrrolidone.

7. A method in accordance with claim 5, wherein the

'pyromellitic anhydride polyamide acid reaction prod-

uct 1s a copolymer of pyromellitic anhydride units,
bisphenol A dianhydride units and paraphenylene di-
amine units. |

8. A method in accordance with claim §, where hexa-
methyldisilazane 1s utilized as the organic silicon-nitro-

gen material.
* * *x % %
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